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Objective: Endovascular stent-graft placement is replacing traditional surgery in type B aortic dissection. Usually
stent-graft implantation is performed under fluoroscopic and angiographic guidance, but this relatively new procedure is
still burdened with some complications. We investigated the value of a developed algorithm based on transesophageal
echocardiography (TEE) for guiding stent-graft implantation in type B aortic dissection.
Methods: Forty-two patients with type B aortic dissection (chronic in 28 patients with aneurysmal dilatation of the false
lumen, and acute complicated in 14 patients) underwent endovascular stent-graft reconstruction of the descending
thoracic aorta. TEE was always performed after angiography. TEE-induced variations of the procedure, based on the
algorithm, were compared with initial angiography-based decisions.
Results: TEE was decisive for guidewire repositioning (not possible with fluoroscopy) from the false to the true lumen in 3
patients and for correct guidewire entrance in an elephant trunk prosthesis in another patient. After stent-graft implantation
color Doppler TEE enabled detection of proximal peri-stent leaks in 13 patients, whereas only 6 (46%) of the 13 leaks were
detectable at angiography (P .008).Most leaks were subsequently eliminatedwith balloon dilation or further stent grafting.
Pulsed Doppler TEE was also useful for differentiating true leaks (13 patients) from Dacron porosity (7 patients). A
pulsed-Doppler velocity cutoff value of 50 cm/s enabled differentiation ofDacron porosity (characterized by slow blood flow)
from true peri-stent leak (fast flow). After stent-graft implantation TEE demonstrated new intimal tears in the thoracic aorta
in 7 patients, whereas only 2 of the 7 new tearswere detectable at angiography (P .024); in 6 of 7 patients the newdistal tears
were subsequently resolvedwith placement of additional stents,whereas in a patientwithMarfan syndromenewproximal tears
determined a type I endoleak, which could not be resolved. Overall, TEE furnished decisive information additional to
angiography in determining successful procedural changes in 16 of 42 patients (38%). There were no in-hospital deaths, and
pre-discharge spiral computed tomograms showed a goodoutcomeof stent-graft implantation in 37of 42patients (88%),with
5 residual type I endoleaks, all previously detectedwithTEEbut impossible to eliminatewith either balloonmoldingor further
stent implantation. All but 2 patients (95%) are currently alive at mean follow-up of 30  18 months.
Conclusions: TEE algorithm is an easy and useful tool in the operating room to guide correct stent-graft positioning in
type B aortic dissection. (J Vasc Surg 2004;40:880-5.)Reconstruction of the aorta with a stent graft is replac-
ing traditional surgery of aortic aneurysms. Several studies
have demonstrated the technical feasibility of this low-
invasive technique, even in the difficult scenario of descend-
ing aortic dissection.1-5 Usually stent placement is per-
formed under fluoroscopic and angiographic guidance, to
ensure safe advancement and deployment of the stent-graft
system and to assess the efficacy of the procedure. Trans-
esophageal echocardiography (TEE) provides superior di-
agnostic accuracy for aortic dissection with respect to an-
giography,6-8 and initial limited studies showed that TEE
may be useful during positioning of stent grafts.9-11 We
sequentially applied angiography and TEE to guide intra-
operative decision-making in our patients routinely re-
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880ferred for stent-graft implantation to treat type B aortic
dissection. Herein we compare the contributions of TEE
and angiography, and evaluate the usefulness of a TEE-
based algorithm developed to guide decision-making dur-
ing implantation of stent grafts in aortic dissection.
METHODS
Patients and study design. Since 1997, 124 patients
have undergone reconstruction of the descending thoracic
aorta with endoluminal stent grafting. In 42 patients the
indication was aortic dissection. Twelve of these patients
had previously been operated on to treat type A dissection,
2 of them with an elephant trunk prosthesis. Mean age was
55 14 years (range, 22-78 years). Stent implantation was
elective in 28 patients, because of progressive increase of
the false lumen leading to an aortic diameter greater than
5.5 cm at follow-up. In 14 patients stent implantation was
acute, owing to dissection with impending aortic rupture
with hematic pleural effusion.
Pre-stent imaging evaluation. Anatomic conditions
allowing endovascular stent-graft placement were assessed
in each patient with contrast–enhanced spiral computed
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ing. Angiography was used during preoperative evaluation
in 28 of the 42 patients when noninvasive assessment was
not considered sufficient to identify entry and reentry sites;
relationship among true lumen and false lumen, and vis-
ceral and femoral vessels; true lumen and false lumen di-
mensions; and extension of dissection to the femoral and
iliac arteries. In 35 of 42 patients the dissection was ex-
tended to the abdominal aorta, with 1 or more abdominal
reentry sites. Exclusion criteria for endovascular treatment
were distance of the entry site less than 1 cm from the left
subclavian artery, and absence of a reentry site in the
abdominal aorta in case of origin of 1 or more visceral
vessels from the false lumen. In only 1 patient with entry
site 4 mm from the left subclavian artery, subclavian-carotid
artery transposition was performed before the stent proce-
dure, to create a longer proximal neck.
TEE. TEE aortic examination was performed during
the procedure with a Sonos 2500 sonograph (Hewlett-
Packard) with a multiplane transesophageal probe. Before
the implantation, the true and false lumens and the entry
site of the dissection were systematically evaluated with
TEE. In patients with aortic dilatation the proximal neck of
the dissecting aneurysm was measured to confirm the cor-
rect size of the stent prosthesis and to choose the site of
proximal stent deployment. Possible atherosclerotic
plaques or calcifications were also evaluated to avert de-
ployment of the proximal part of the stent in an unfavorable
aortic segment.
Endovascular stent-graft procedure. The stent-graft
procedure was performed as described previously.12 A por-
table radiographic C-arm system with digital subtraction
angiography was used. The stent graft was a self-expanding
endoprosthesis (Talent, World Medical Manufacturing
Corp; n 41; Thoracic Excluder, W. L. Gore & Assoc; n
1) consisting of a circumferential nitinol stent covered with
Dacron or polytetrafluoroethylene (PTFE). Guidewire ad-
vancement was initially guided with fluoroscopic control.
TEE was performed later to check the correct guidewire
positioning and advancement. Because fluoroscopy does
not enable differentiation of true lumen from false lumen,
TEE was used immediatly in case of any doubt of correct
guidewire positioning in the true lumen. The site of prox-
imal stent deployment (so-called landing zone) was first
determined on the angiographic images. TEE was then
performed, and the optimal landing zone was determined
on the basis of evidence from both TEE and angiography.
The tip of the TEE probe was set facing the most favorable
landing zone, and was used as a reference point on the
digital fluoroscopic video for stent deployment, which was
performed under fluoroscopic guidance.
TEE-guided algorithm. The algorithm based on
TEE (Fig 1) was used to assess the outcome and to guide
intraoperative decision-making in case of possible compli-
cations. After stent placement TEE was used to check stent
expansion and false lumen exclusion. An initial “smoke”
phenomenon, indicative of initial thrombosis within the
false lumen excluded by the stent graft, was used as indirectevidence of closure of the primary entry tear and therefore
as a marker of good outcome of the procedure. Usually the
red blood cells moving at high velocity do not reflect any
backscatter when hit by ultrasound, whereas blood stasis
generates high backscatter coming from the still red blood
cells. This spontaneous echo-contrast effect is called the
smoke phenomenon because it is characterized by a bright
white signal moving slowly (Fig 2, C). Color Doppler TEE
was also used to ascertain the absence of flow in the false
lumen excluded by the stent graft (Fig 2). Sensitivity for
slow blood flow was enhanced by reducing the color Dopp-
ler scale to 25 cm/s. In case of flow in the false lumen,
pulsed Doppler was used to assess the direction of the flow
to differentiate proximal type I endoleak from flow coming
from distal thoracic or abdominal reentry tears. In case of
type I endoleak due to incomplete stent expansion, a latex
balloon was inserted over the guidewire and inflated to
mold the stent under color Doppler TEE guidance, to
obtain tight contact between the Dacron graft and the
aortic wall (Fig 2). In case of leak persistence, a second stent
graft was placed. Pulsed Doppler velocity was used to
differentiate true peri-stent leaks from Dacron porosity,
which is possible early after stent-graft deployment. Color
Doppler TEE was used to detect any new intimal tears,
Fig 1. Algorithm for transesophageal echocardiography (TEE)–
guided Dacron stent implantation.either proximal or distal to the stent, to enable immediate
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distance between the entry intimal tear and the left subcla-
vian artery was small, the left subclavian artery was visual-
ized during imaging of the aortic arch at 70 degrees; in
these patients pulsed and color Doppler TEE were also
used to confirm patency of the subclavian artery at the end
of the procedure. Finally, the placement system was re-
moved, and the arteriotomy was closed.
Outcome of procedure. Pre-discharge spiral CT was
used to assess the outcome of the procedure. Complete
exclusion of the false lumen by the stent graft, with false
lumen thrombosis in the thoracic aorta with absence of
antegrade flow was considered procedural success. Persis-
tence of flow in the false lumen in the abdominal aorta if a
reentry site was present was not considered procedural
failure.
RESULTS
Patient outcome. Stent-graft implantation was per-
formed with a mean duration of the procedure of 118 45
Fig 2. A, Color Doppler transesophageal echocardio
peri-stent leak with flow from true lumen (TL) to false l
TEE confirms leak (high-velocity flow, 120 cm/s, wi
(arrows) seals stent graft to aortic wall. FL, False lumen.
lumen (FL) thrombosis (marker of false lumen exclusion
TL, True lumen. C1, Pulse-Doppler TEE shows only Da
intensity).minutes. Patients were discharged after a median of 9.2 5.1 days (range, 3  23 days). No acute renal failure or
paraplegia occurred. No deaths occurred during the proce-
dure or hospital stay. The success rate was assessed at
pre-discharge spiral CT. Complete exclusion of the false
lumen of the thoracic aorta by the stent with false lumen
thrombosis was obtained in 37 of 42 patients (88%). Five
primary endoleaks were visible, all previously detected with
TEE but impossible to eliminate with either balloon mold-
ing or additional stent implantation. Nevertheless, in 3
patients partial thrombosis of the false lumen was achieved
despite proximal residual flow. Because of severe comorbid
conditions, which determined high risk for open surgery,
the 3 patients are in medical follow-up. Two other patients
with total false lumen patency and increment in size under-
went conversion to surgery. One patient with a previously
implanted carotid-to-subclavian artery transposition graft
to extend the proximal landing zone demonstrated exten-
sion of the dissection, proximal to the stent, 8 days after
stent implantation. He was successfully operated on, leav-
ing the stent graft in situ. All but 2 patients are currently
(TEE) obtained after stent-graft implantation shows
(FL) of aortic dissection (arrow). A1, Pulsed Doppler
gh-intensity signal). B, TEE-guided balloon inflation
lor Doppler TEE shows leak resolution with initial false
uccessful procedure) 10 minutes after balloon inflation.





cron palive at mean follow-up of 30  18 months. One woman
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pheocromocytoma died at home, of proximal progression
of aortic dissection into the ascending aorta, 22 days after
successful stent implantation. Another patient died 4 years
after the procedure, of myocardial infarction.
Guidewire advancement. In 3 patients the guidewire
was in the false lumen, and repositioning in the true lumen
was not possible with fluoroscopic guidance. In all 3 pa-
tients TEE guidance was decisive in enabling correct repo-
sitioning of the guidewire; in 1 of these patients reposition-
ing was possible only with use of the controlateral iliac
artery. Furthermore, in 1 of the 2 patients who had previ-
ously undergone surgery to treat type A aortic dissection
with an elephant trunk prosthesis, TEE was decisive for
correct guidewire advancement into the elephant trunk
prosthesis.
TEE evaluation after stent-graft deployment. At 10
to 15 minutes after stent implantation TEE showed a
complete, spontaneous echo-contrast effect, a marker of
complete exclusion of the false lumen and successful out-
come, in 15 of the 42 patients. Among the remaining 27
patients, absence of echo-contrast effect was attributed at
Doppler TEE to peri-stent leaks in 13 patients, early Da-
cron porosity in 7 patients, and new intimal tears in 7
patients. Sensitivity of angiography for peri-stent leaks was
lower, inasmuch as angiography enabled detection of only
6 of the 13 leaks detected with TEE (46% vs 100%; P 
.008).
Evaluation of peri-stent leaks and differentiation
from earlyDacron porosity. Dacron porosity is a possible
phenomenon in the early phases after stent-graft deploy-
ment, but disappears spontaneously without treatment af-
ter few hours. In our study, early after stent-graft deploy-
ment peri-stent flow was detected with color Doppler TEE
in 20 of 42 patients (47%). Analyzing our previous experi-
ence in stent treatment of atherosclerotic aortic aneu-
rysms,13 we found that pulsed Doppler velocity could help
us to differentiate Dacron porosity (characterized by slow
blood flow, usually 50 cm/s) from true peri-stent leaks
(fast flow, usually100 cm/s; Fig 2). Therefore we used a
cutoff value of 50 cm/s in our algorithm to differentiate
leaks from porosity. In 13 patients with pulsed Doppler
velocity greater than 50 cm/s a diagnosis of peri-stent leak
was made, and we tried to eliminate the leaks with balloon
molding or implantation of additional stents. In the 7
patients with a pulsed velocity less than 50 cm/s we did not
perform any balloon dilation or additional stent-graft im-
plantation, because Dacron porosity usually disappears af-
ter a few hours ,and pre-discharge CT scans confirmed this,
showing absence of flow in all 7 patients.
Detection of new intimal tears. All distal reentry sites
detected with TEE before the procedure in the thoracic
aorta to the celiac trunk have been covered with multiple
stents. After stent-graft deployment, TEE enabled detec-
tion of new intimal tears distal or proximal to the stent in 7
patients. These new intimal tears were not visible before the
procedure. By comparison, angiography enabled detection
of new intimal tears in only 2 of 7 (28%) patients (100% vs28%; P  .024). In 6 of 7 patients (85%) the tears were
covered with implantation of additional distal stents. In 1
patient with Marfan syndrome, implantation of an addi-
tional stent was not feasible, because the new tears were in
the aortic arch, indicating a proximal type I endoleak.
Pre-discharge spiral CT. Thirty-seven of 42 patients
(88%) showed a complete thrombosis of the false lumen in
the thoracic aorta, included all the 7 cases of Dacron
porosity. Five patients presented a type I endoleak, and only
partial thrombosis of the false lumen was present in 3 of
them. The false lumen in abdominal aorta was patent in all
cases in which there was a previous re-entry site. Even if
some reverse flow was visible, it stopped below the dia-
phragm.
Overall contribution of TEE. Considering all phases
of the procedure, TEE furnished decisive additional infor-
mation to angiography, determining changes within the
procedure in 16 of 42 patients (38%). In particular, in 4
patients TEE was helpful for guidewire repositioning not
possible with angiography; in 7 patients TEE demonstrated
leaks not visible at angiography; and in 5 patients TEE
demonstrated new intimal tears after stent-graft position-
ing that were not visible at angiography. Intraoperative
decision-making based on TEE-guided algorithm deter-
mined a positive outcome in 37 of 42 patients (88%), as
assessed at pre-discharge spiral CT.
DISCUSSION
Endovascular stent-graft placement to treat aortic dis-
section is a relatively new procedure. Technical success is
achieved when stent-graft placement covers the primary
entry tear and excludes the false lumen, producing com-
plete thrombosis and consequent decrease in false lumen
diameter. Aortic dissection usually includes multiple inti-
mal tears, some of which are very small and difficult to
detect, and stent-graft placement is difficult and still bur-
dened with a high rate of complications.1,5,14-19
Stent-graft placement is generally performed under
angiographic and fluoroscopic guidance. In aortic dissec-
tion TEE is a considerably more sensitive imaging tech-
nique than either angiography or fluoroscopy.6-8 Therefore
stent-graft implantation seems to call for TEE. A previous
study already reported the usefulness of TEE monitoring to
improve the outcome of stent-graft treatment of thoracic
aortic aneurysms.12 Initial studies have shown that TEE
monitoring is promising also during stent-graft positioning
in type B aortic dissection.9-11 However, all previous stud-
ies represent initial experience in a limited number of
patients (10-16 patients in larger studies), and a systematic
comparison between angiography and TEE was not per-
formed.
This is the first large study to evaluate the additional
value of TEE to fluoroscopy and angiography. Moreover,
we tried to develop a TEE-based algorithm to standardize
decision-making during stent-graft implantation, based on
TEE imaging. We found that TEE provided contributions
in distinct phases of the procedure, including guidewire
advancement; identification of thrombosis within the false
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leaks and complete closure of the entry tear, and detection
of new intimal tears distal or proximal to the stent graft.
Avoidance of stent implantation in the false lumen is
lifesaving. In our series the unique capability of TEE to
enable detection of both guidewire advancement and the
intimal flap was decisive for repositioning of the guidewire
in all 3 patients with the fluoroscopy-guided false lumen
approach. The contribution of TEE was decisive also in a
patients who had previously been operated on to treat type
A aortic dissection, in whom the stent had to be positioned
in the distal part of an elephant trunk, averting the danger-
ous scenario of external stent placement. Because of TEE
monitoring, time-consuming guidewire advancement from
the brachial access was not necessary
Another frequent problem is peri-stent leaks, which can
cause late aortic dilation, usually calling for subsequent
conversion to open surgery. It is therefore important to
close any leaks present after stent implantation. Use of color
Doppler TEE enabled detection of 13 peri-stent leaks,
whereas only 6 of these leaks were visible at angiography.
This enabled closure of the leaks in most cases, either with
balloon dilation or implantation of other stents. To maxi-
mize sensitivity for peri-stent leaks, we used a reduced color
Doppler scale (25 cm/s). However, by itself this can lead to
false-positive diagnosis of leaks, because immediately after
implantation Dacron porosity can create temporary low
blood flow through the stent (picked up at color Doppler),
especially when systolic blood pressure is greater than 120
mm Hg. To prevent false positive diagnosis of leaks, we
found that pulsed Doppler velocity permits distinction of
Dacron porosity (usually with slow velocity, 50 cm/s)
from the faster flow of true peri-stent leaks (usually 100
cm/s). On the basis of our previous experience,13 we chose
a cutoff value of 50 cm/s, to avert any useless balloon
dilations, which may be dangerous in patients with aortic
dissection with fragile aortic wall. We cannot exclude that
sometimes the slower flow detected with TEE Doppler was
related to a minimal type I or type III endoleak that
resolved spontaneously and was not related to Dacron
porosity. However, it did not appear to be clinically signif-
icant, because complete thrombosis of the false lumen was
present in all of these patients on pre-discharge spiral CT
scans without any additional treatment. Therefore the re-
sults of this study show that this cutoff value is helpful in
guiding stent-graft implantation. Fig 1 shows the sug-
gested algorithm that we used in our series.
It is also important to recognize new intimal tears. It is
possible that the new tears are caused by the stent-graft
procedure, because of the fragility of the aortic wall in the
dissection. Particular care should be applied in selecting for
endovascular treatment patients with Marfan syndrome,
because of the specific fragility of the aortic wall, and in
selecting patients with the entry tear very close to left
subclavian artery. However, these “new” intimal tears
could be preexistent thoracic reentry sites that become
detectable only after stent implantation, because of the
increased pressure gradient between the true and the falselumen after closure of the primary entry tear. In any case, if
the tears are in the thoracic aorta, it is important to close
them, to avert any late expansion of the false lumen. In our
series TEE enabled recognition of such tears in 7 patients.
In 5 of these patients (71%) the tears would have been
undetectable with angiography alone.
Limitations of the study. In this study the stent
prevalently used was a Dacron stent. TEE is less useful with
PTFE prostheses because PTFE acts as a barrier to ultra-
sound.
We used a portable radiographic C-arm system rather
than a fixed one, which performs better.
In this study we did not evaluate a direct comparison
between the TEE algorithm and angiography in 2 different
groups of patients. However, the purpose of the study was
to examine the role of TEE in combination with fluoros-
copy and angiography in guiding stent-graft procedures.
Therefore we compared decisions based on angiographic
findings, used as standard reference, with decisions based
on both angiography and TEE algorithm. Thus angiogra-
phy was systematically performed before TEE.
Pre-discharge TEE was not performed systematically.
It was performed in only 3 initial procedures, in which slow
flow during the procedure was interpreted as Dacron po-
rosity. In these cases pre-discharge TEE confirmed resolu-
tion of flow, as assessed on CT scans, confirming that the
diagnosis of Dacron porosity was correct. It is possible that
sometimes spiral CT may not have enough sensitivity for
slow flow defined by TEE as Dacron porosity (50 cm/s).
However, it was not clinically significant, because pre-
discharge spiral CT scans showed complete thrombosis of
the false lumen of the thoracic aorta in all of these patients,
which is well known to be related with positive remodeling
during the time with reduction of aortic false lumen. This
Doppler cutoff value needs to be validated in other studies.
We did not use intravascular ultrasound (IVUS), and
therefore a direct comparison between IVUS and TEE was
not possible. A recent study showed good results with
IVUS in monitoring stent-graft implantation in aortic dis-
section.20 When compared with TEE, IVUS has the poten-
tial advantage of identifying not only the thoracic aorta but
also the extension of the dissection to the abdominal aorta.
However, stent-graft coverage of aortic dissection is not
performed in the abdominal aorta, because the abdominal
reentry tears are important to avoid spinal cord or visceral
ischemia, and, therefore, it is not advisable to cover them.
Potential disadvantages of IVUS are that it is invasive,
time-consuming, and, very important, it is not a real-time
method and therefore does not allow monitoring of stent-
graft deployment. Moreover, IVUS is more expensive,
because IVUS probe is disposable.
CONCLUSIONS
TEE can be highly useful in the operating room to
guide correct stent positioning in type B aortic dissection.
In our experience, TEE furnished additional information to
angiography that was decisive in changing the primary
angiography-based decision in 38% of patients. TEE mon-
JOURNAL OF VASCULAR SURGERY
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decrease complications during endovascular treatment of
type B aortic dissection.
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